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Academician of the Academy of Sciences of the Ukrainian SSR A. P. KOMAR

ON THE LENGTH OF MOLECULAR THREADS

AT THE TIP OF AN ELECTRON PROJEC-
TOR,

WHICH GIVE RISE TO“MOLECULAR”PAT-
TERNS
It may be considered established that the appearance of “molecular”patterns
discovered by Müller (1) is connected with the microrelief of a nonuniform ad-
sorbate layer of substances with delocalized electron bonds on the cold tip of a
projector.

According to (2,3 ), the electron emission of an adsorbate of the indicated sub-
stances may be interpreted as the emission of a layer on which molecular threads
oriented in the electric field protrude, transmitting electron waves from the
metal of the substrate in the same way as hollow metallic or solid dielectric
waveguides transmit electromagnetic waves. In (2) the transverse dimensions of
these threads were determined; they proved to be of the order of 10−8 cm (more
precisely 8.5 ⋅ 10−8 cm). The longitudinal dimensions of the molecular threads
have not yet been determined.

In accordance with the experimental data (2), it may be assumed that the field-
electron emission of an adsorbate—organic molecular substances with double
bonds, such, for example, as phthalocyanines—is similar to that of metals. This
means that the electric field does not penetrate deeply into the adsorbate.

Probably this assertion is not valid for weak fields and substances in which the
concentration of current carriers is smaller than in phthalocyanines. We adopt
it in order to facilitate the solution of the problem posed.

If a cylindrical metallic or metal-like thread of radius 𝜌 is in an electric field, then
per unit area of the hemispherical end of the thread there acts a ponderomotive
force

𝑝 = 𝐸2/8𝜋(300)2, (1)
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where 𝐸 is the electric-field strength in volts per 1 cm. This force is balanced
by the forces of surface tension and by elastic forces. If 𝛾 is the surface tension
and 𝜎 the elastic stress in the thread, then one may write

𝐸2/8𝜋(300)2 = 𝛾/𝜌 + 𝜎. (2)

If in what follows we restrict ourselves to cases of adsorption of organic molecular
substances, then 𝛾 will not exceed 100 dyn/cm. For a radius of 10−7 cm, 𝛾/𝜌 ≤
109 dyn/cm2. The second term, if the experimental data (4) are used, is at least
an order of magnitude larger. It is clear that in approximate calculations the
first term 𝛾/𝜌 may be neglected. If the cross-sectional area of the thread 𝑆 is
the same along its entire length, then the rupture stress 𝜎rupt may be related to
the electric-field strength producing rupture 𝐸rupt by means of the relation

𝐸2
rupt = 8𝜋(300)2𝜎rupt or 𝐸rupt ≃ 1.5 ⋅ 103√𝜎rupt. (3)

Using the maximum experimental value 𝜎rupt = 360 kg/mm2 = 3.53 ⋅
1010 dyn/cm2, determined in (5) for polymerized polyoxymethylene, and
assuming that for phthalocyanine threads⋯

close values of 𝜎break will be obtained; we obtain the estimate

𝐸′
break = 2.82 ⋅ 108 V/cm.

This value of 𝐸break differs little from the value 𝐸 = 2.1 ⋅ 108 V/cm, which
destroys molecular patterns, according to the work(6).

For the case of a cylindrical conducting thread of radius 𝜌, it is easy to establish
the relation between the length of the thread and the field strength 𝐸′

𝜌 at the
hemispherical end of the thread. Let us first consider the potential of a free
sphere of radius 𝜌 (hereafter, a sphere 𝜌), located at a distance 𝑑 = 𝑅 + 𝑙 − 𝜌 =
𝑅 + 𝑥 from the charge of a hemispherical tip of radius 𝑅 (see Fig. 1). This
charge may be regarded as a point charge, concentrated at the center of the
sphere 𝑅 and equal to

𝑞 = 𝑉𝑅/𝑅, (4)

where 𝑉𝑅 is the potential of the tip relative to ground. According to (7), the
potential 𝑉 of a conducting sphere of radius 𝜌 ≪ 𝑅, located in the field of a
point charge 𝑞 at a distance 𝑑 from it, is determined by the expression

𝑉 = 𝑞
𝑑

∞
∑
𝑛=0

( 𝑟
𝑑 )

𝑛
𝑃𝑛(cos 𝜃), (5)
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Fig. 1

Figure 1: Fig. 1

where 𝑟 is the distance from the origin of coordinates, situated at the center of
the sphere 𝜌, and 𝑃𝑛(cos 𝜃) is a Legendre polynomial. If 𝑟/𝑑 ≪ 1, then it is
possible to restrict ourselves to two terms of the sum; therefore, at 𝑟 = 𝜌,

𝑉 = 𝑞/𝑑 + 𝑞𝜌/𝑑2. (6)

Fig. 1

If the free sphere 𝜌 is connected by an infinitely thin conducting thread to the
tip, then the potential of this sphere becomes equal to the potential of the tip.
For equalization it is necessary to add to the potential of the sphere 𝜌 some
quantity Δ𝑉 ; we obtain

𝑉 + Δ𝑉 = 𝑉𝑅. (7)

The increment Δ𝑉 can arise only as a result of supplying a charge 𝑞′ to the
sphere 𝜌. Substituting into (7) the expressions for 𝑉 , Δ𝑉 , and 𝑉𝑅 through the
charges, and taking into account that (𝑑 − 𝑅)/𝑑 = 𝑥/(𝑅 + 𝑥), we obtain

𝑞′ = 𝑥
𝑅 + 𝑥𝑉𝑅𝜌. (8)

Knowing 𝑞′, one can calculate the theoretical field strength at the surface of the
sphere 𝐸′

𝜌:

𝐸′
𝜌 = 𝑞

𝑑2 + 𝑞′

𝜌2 ≃ 𝑞′

𝜌2 = 𝑥
𝑅 + 𝑥

𝑉𝑅
𝜌 . (9)

The real field strength 𝐸′
𝜌, if one takes into account that the sphere is not free,

will be 𝑘 times smaller. The same value of 𝑘 may be adopted as in the case of
metallic whiskers. According to (8), 𝑘 may be taken equal to 5.

An estimate of the maximum value of 𝑙, or 𝑥 = 𝑙 − 𝜌, can be obtained if one sets
𝐸break = 𝐸𝜌. Using (9) and (3), we obtain

𝑥 = 1.5 ⋅ 103√𝜎break𝑅𝜌𝑘
𝑉𝑅

. (10)

Substituting into formula (10) the numerical values 𝑅 = 10−5 cm, 𝜌 = 10−7 cm,
𝑘 = 5, 𝑉𝑅 = 5 ⋅ 103 V, 𝜎break = 3.53 ⋅ 1010 dyn/cm2, we obtain the estimate
𝑥 = 2.82 ⋅ 10−7 cm.
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If one uses the theoretical estimate of the strength of the thread, assuming that
it is due to a single C—C bond, equal to 3.2 ⋅ 1011 dyn/cm2 (9), then, of course,
the value of 𝑥 will be larger: 𝑥 = 8.5 ⋅ 10−7 cm. Incidentally, the value of 𝐸break
for the theoretical estimate of the strength due to the C—C bond should not
exceed the value 𝐸desorb of the electric field that desorbs carbon atoms, given
in (10):

𝐸break = 8.5 ⋅ 108 V/cm < 𝐸desorb = 1.43 ⋅ 109 V/cm.

An estimate of the values of 𝐸𝜌 on the basis of data on the autoelectron emission
of threads producing “molecular”spots can be made under the assumption
that the work function 𝜑 is independent of 𝐸, and provided there is a known
dependence of the emission-current density 𝑗 on 𝐸 and 𝜑. For metals, the
current density 𝑗 is related to 𝐸 and 𝜑 by the Fowler—Nordheim formula (11).
There exist qualitatively analogous formulas for semiconductors as well, but
they are more complicated and have not been tabulated; therefore the indicated
formula is preferable for approximate calculations. Using Dolan’s tables, given
in (11), one can, knowing the work function and the electron-current density
forming the“molecular”spots, determine 𝐸𝜌. This operation cannot be carried
out flawlessly, since the exact values of the work function for phthalocyanines
are unknown. If, according to (12), one takes 𝜑 = 7 eV for phthalocyanine and
the emission-current density 𝑗 = 105 A/cm, then, according to Dolan’s tables,
𝐸𝜌 will be of the order of 108 V/cm. The order of magnitude of the values of
𝐸𝜌 thus turns out to be the same as that calculated from the strength of the
threads and from the data of (6).

The agreement in the order of the estimates and in the order of the experimental
values of 𝐸𝜌 and 𝑥 cannot be accidental, and therefore it may be asserted that
the values of 𝑥 have physicochemical meaning and do not contradict the wave
theory (13) of “molecular”patterns.
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